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Description

[0001] The invention relates to an image processing method and apparatus and more particularly to a method and
apparatus which can receive a subject facial image signal, generate a feature extraction tracking signal representing
location of facial features of the subject and process the tracking signal to provide a processed signal output.

[0002] In the paper "Realtime Facial Image Recognition in Unconstrained Environment for Interactive Visual Inter-
face" by Hasegawa et al published in ACCV '93 Asian Conference on Computer vision, November 23-25, Osaka, Japan
pp. 763-766 a system is outlined in which features such as the eyes and the nose are extracted as edges. The tracking
signal may be processed for integration of facial features or for monitoring eye contact. Because feature extraction
involves monitoring feature edges, the amount of useful information would appear to be limited. Little technical infor-
mation is given in the paper to describe how the system operates. However, it is mentioned that RGB colour information
is calculated. The use of RGB colour information generally leads to high complexity in the image processing circuits.
[0003] The paper by J.F.S. Yau and N.D. Duffy entitled "A Feature Tracking Method for Motion Parameter Estimation
in a Model-Based Coding Application" presented at the Third International Conference on Image Processing and its
Applications held at Warick on 18-20th July 1989 and published in IEE Conference Publication No. 307 at pages 531
to 535 describes a method of tracking a face. In this method, there is a first phase which involves tracking the eye,
nose and mouth over the image sequence. This is achieved by locating the facial features within the first frame and
then tracking them over subsequent frames using block searching and code-book techniques. The result of the first
tracking phase is a description of the trajectory of facial feature boxes over the image sequence along the temporal
axis. There is then a second phase which involves motion parameter estimation whereby the spatial distribution of the
facial feature boxes for each frame are interpreted to provide an estimate of position and orientation. In this way, the
dynamics of facial movement are parameterised for application in a three-dimensional model-based image coding
scheme.

[0004] The output signal represents a facial image having feature extraction information. It appears that this prior
method is intolerant to occlusion as once tracking of a feature is lost it has difficulty re-locating it. Further, processing
must of necessity be complex as the interrelationship of boxes is analysed on a frame-by-frame basis.

[0005] Japanese Patent Specification No. JP 02141880 (Graphic Communication Technologies) describes a system
whereby an image signal is divided into a grid of regions and there is analysis of each region separately. The evaluation
is performed on a single image and does not involve processing from frame to frame and the purpose of the system
is to discriminate a face in an image.

[0006] Japanese Patent Specification No. JP 63142986 (NEC) describes a system which detects the facial area of
an image according to detection of mouth movement. A suggested application for the system is that of obtaining the
image of a face and overlaying it upon a picture of clean clothing. Accordingly, there is limited feature extraction in
these systems, and also therefore little versatility.

[0007] Patent Specification US-A-4600281 relates to altering a film sound track to substitute a new language for the
original recorded language of the sound track and making corresponding changes to mouth movements of actors in
the film.

[0008] In general, it could be said that the prior art shows limited feature extraction, and very limited ranges of post-
extraction processing for different applications.

[0009] The invention is directed towards providing a method and apparatus which provides additional processing of
the image signals to obtain more useful outputs for improved versatility.

[0010] Another object is that these outputs be achieved in real time.

[0011] A still further object is to limit the complexity of hardware required for carrying out the image processing
method.

[0012] The invention is characterised in that the processing step after generation of the tracking signal comprises
the sub-steps of:-

generating an image signal representing a substitute face, said subject facial image signal being in H,S,V format;
and

modifying said substitute face image signal in real time according to the tracking signal to generate an output signal
representing the substitute face with facial features of the subject face by passing at least two components of said
H,S,V, format signal through a band pass filter (3102, 3013);

mapping the filter output signals over the subject facial image pixel area; and

determining feature locations within the pixel area according to the mapping of the filter output signals.
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[0013] This processing method provides a large degree of versatility. A real substitute facial signal may be generated
to "fool" the viewer, for example, for security applications. Alternatively, an animated face may be generated, for ex-
ample, for cinema productions.

[0014] In this latter embodiment, the facial area may be initially detected, and there is subsequently mouth and eye
detection within the detected facial area. Preferably, only the H and S components of the subject facial image signal
are processed for facial area detection. In one embodiment, said processing comprises band pass filtering followed
by mapping the filter output over the pixel area.

[0015] In one embodiment, the output signal is transmitted from an output image memory which is modified by over-
writing pixel values transferred from an update image memory in response to the tracking signal and preferably the
update image memory stores pixel changes between frames.

[0016] In another embodiment, the update transfers are controlled by reference to a lookup table having pointers to
addresses in the update image memory.

[0017] Ina further embodiment, the tracking signal is converted to a facial characteristic signal representing positional
characteristics of facial features, and preferably the facial characteristic signal is a vector signal, and preferably pixel
change data in the update image memory is selected by comparison of current and previous characteristic signals.
Ideally, the previous characteristic signal is stored in a dedicated register.

[0018] In a further embodiment, the update image memory stores data elements in three fields, namely an indicator
of the position of the element, a second field having an address for a location in the output image memory and a third
field having a colour value for the pixel.

[0019] In another embodiment, the step of generating the substitute face image signal comprises the steps of re-
trieving from an image memory a primeval image and subsequently updating said image according to the tracking
signal, and preferably the primeval image is transferred from a primeval image memory to the output image memory
upon initialisation.

[0020] In another embodiment, mouth detection is achieved by processing the S and V components of the subject
image signal within the detected facial area.

[0021] Preferably, only the V component of the subject image signal is processed for eye detection. In another em-
bodiment, the V component is normalised and eye detection is achieved by correlation.

[0022] In another embodiment, the invention provides an image processing method comprising the additional steps
of:-

transforming the tracking signal to a facial characteristic signal representing positional characteristics of features
of the subject face;

writing a primeval substitute image to an output image memory; and

modifying the output image memory by overwriting pixel values transferred from an update image memory, said
transfers being controlled in response to the facial characteristic signal.

[0023] According to a still further aspect, the invention provides an image processing apparatus comprising means
for receiving a subject facial image signal, means for generating a feature extraction tracking signal, and means for
processing said tracking signal to provide a processed output signal, characterised in that,

said processing means comprises means for:-

generating an image signal representing a substitute face in H,S,V format; and

means for modifying said substitute face image signal in real time according to the tracking signal to generate an
output signal representing the substitute face with facial features of the subject face by passing at least two com-
ponents of said H,S,V, format signal through a band pass filter (3102, 3013);

means for mapping the filter output signals over the subject facial image pixel area; and
means for determining feature locations within the pixel area according to the mapping of the filter output signals.

[0024] In one embodiment, said processing means comprises an output image memory, an update image memory
and means for modifying said output image memory by transferring pixel values from the update image memory in
response to the tracking signal.

[0025] Ideally, the update image memory stores pixel changes between frames.

[0026] In another embodiment, said processing means comprises means for converting the tracking signal to a facial
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characteristic signal representing positional characteristics of facial features, and said facial characteristic signal is a
vector signal.

[0027] In a still further embodiment, the processing means further comprises a neural network device for training
during operation of the apparatus by monitoring feature data and for subsequently providing feedback to assist in
recognition of features.

[0028] Ideally the processing means comprises:-

means for transforming the tracking signal to a facial characteristic signal representing positional characteristics
of features of the subject face;

an output image memory;
means for writing a primeval substitute image to the output image memory;
an update image memory; and

means for modifying the output image memory by transferring pixel values from the update image memory to the
output image memory in response to the facial characteristic signal.

[0029] The invention will be more clearly understood from the following description of some embodiments thereof,
given by way of example only with reference to the accompanying drawings, in which :-

Fig. 1 is a schematic representation of an image processing apparatus of the invention;

Fig. 2 is a more detailed diagram of a face changer unit of the apparatus;

Figs. 3(a), 3(b) and 4 are diagrams showing parts of the face changer unit in more detail;

Fig. 5 is a schematic representation of a memory store of the apparatus;

Fig. 6 is an overview diagram showing construction of a facial part detection unit of the apparatus;

Figs. 7(a) to 7(p) are various diagrams showing parts of the face changer unit of the apparatus in more detail; and
Fig. 8 is a schematic representation of an alternative construction of image processing apparatus of the invention.

[0030] Referring to the drawings, and initially to Fig. 1, there is shown an image processing apparatus of the invention,
indicated generally by the reference numeral 1. The apparatus 1 comprises a camera 10 and an output device, namely
a video monitor 20. Between these two devices, there is a face changer unit 30 which is connected at its input to the
camera 10 and at its output to a video multiplexer 60(a). The face changer unit 30 is also connected to provide an
output signal to a video multiplexer 60(b), the output of which is connected to the video monitor 20. Accordingly, the
output of the face changer may be directed via the video multiplexer 60(a) to a videophone interface 70 or directly to
the monitor 20. The apparatus 1 also comprises a memory store 40 which is connected to the face changer unit 30.
The memory store 40 may receive inputs via the videophone interface 70 and a control logic unit 50 or from the video
multiplexer 60(b). The camera 10 is also connected to the video multiplexer 60(a) to by-pass the face changer unit 30.
[0031] Briefly, the function of the apparatus 1 is to capture a facial image in real-time and to provide an output either
directly to the monitor 20 or to a remote system via the videophone interface 70 of an image representing a substitute
face which has the same facial expressions as the subject. In this way, the subject or user can choose whether or not
to output his or her own image, or that of a substitute. When a substitute is chosen, the image is that of a "real" face
which the viewer would believe is that of the subject, if that is desired. Accordingly, the invention provides a large
degree of versatility in the range of uses and applications, for example, it could be used for security-related applications
where identity of the subject must be kept secret. The invention also allows output of an animated face where desired.
[0032] Construction and operation of the apparatus 1 will now be described in more detail. Referring to Fig. 2, the
face changer unit 30 comprises a facial part detection unit 31 which generates a tracking signal, a memory interface
32, and a video output circuit 33. As is clear from this diagram, interfacing with the memory store 40 is an integral part
of operation of the face changer unit 30.

[0033] The facial part detection unit 31 takes an input video signal from the camera 10, captures images and detects
the facial parts such as mouth, eyes, eye pupils, eyebrows etc. by colour region monitoring and determines their po-
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sitions within that image. The output of the facial part detection unit 31 is a feature extraction tracking signal having a
set of positional parameters for the facial parts. These parameters are :-

Mix, Mly, Mhx, Mhy : Specify the Mouth Box

Slx, Sly, Shx, Shy : Specify the Face Box

LEx, LEy : Specify the Left Eye Position

REXx, REy : Specify the Right Eye Position
RPx, RPy : Specify the Right Pupil Position
RBx, RBy : Specify the Right Eyebrow Position
LPx, LPy : Specify the Left Pupil Position

LBx, LBy : Specify the Left Eyebrow Position

[0034] The manner in which these parameters are generated is described in more detail below.

[0035] The memory interface 32 uses the positional parameters to generate a set of facial characteristics so that the
facial feature position and orientation can be expressed.

These characteristics are :-

Mouth Openness in X Orientation
Mouth Openness in Y Orientation
Face Rotation in X Orientation
Face Rotation in Y Orientation
Face Rotation in Z Orientation

Eye Direction in Horizontal Position
Eye Direction in Vertical Position
Eyebrow Vertical Position

[0036] Construction of the memory interface 32 is shown in Figs. 3(a) and 3(b) whereby various average, subtractor,
subtract and divide, and multiply circuits are used. The following functions are carried out by the various parts of the

memory interface 32 to convert the received facial part position parameters to the facial characteristics.

Initialisation Parameters

[0037]

Lip Separation.y = Mly-Mhy

Lip Separation.x = MIx-Mhx

Average Eye.x = (LEx + REx)/2

Average Eye.y = (LEy + REx)/2

Average Pupil.x = (LPx + RPx)/2

Average Pupil.y = (LPy + RPy)/2

Offset Eye.x = Average Eye.x-Average Pupil.x

Offset Eye.y = Average Eye.y-Average Pupil.y
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Offset Left Brow = LBy - Average Eye.y

Offset Right Brow = RBy - Average Eye.y

Online Parameters

[0038]

Average Eye.x = (LEx + REx)/2

Average Eye.y = (LEy + REXx)/2

Average Pupil.x = (LPx + RPx)/2

Average Pupil.y = (LPy + RPy)/2

Face Centre.x = (SIx + Shx)/2

Face Centre.y = (Sly + Shy)/2

Mouth Centre.x = (Mix + Mhx)/2

Mouth Centre.y = (Mly + Mhy)/2

Mouth Rel.x = (Face Centre.x - Mouth Centre.x)/BOX WIDTH

Mouth Rel.y = (Mouth Centre.y - Face Centre.y)/BOX HEIGHT

Eye Centre.x = (Face Centre.x - Average Eye.x)/BOX WIDTH

Eye Centre.y = (Face Centre.y - Average Eye.y)/BOX HEIGHT

Rotate.z = (Average Eye.x - Mouth Centre.x)/10

Rotate.y = CONST1 * Mouth Rel.y

Rotate.x = CONST2 * Mouth Rel.x

Left Eye.x = Right Eye.x = (Average Eye.x - Average Pupil.x - Offset Eye.x) * 10/4
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Left Eye.y = Right Eye.y = (Average Pupil.y - Offset Eye.y)* 10/12

Left Brow = Left Brow.y - Average Eye.y - Offset Left Brow

Right Brow = Right Brow.y - Average Eye.y - Offset Right Brow

Mouth Openness.x = (MIx - Mhx - Lip Separation.x)/BOX WIDTH

Mouth Openness.y = (Mly - Mhy - Lip Separation.y)/BOX HEIGHT

[0039] The last nine variables (underlined) which are calculated by use of the online parameters constitute a face
vector. The face vector is transmitted from the memory interface 32 to the memory store 40, where itis used to construct
an output image of a substitute face, which is in turn received by the memory interface 32 and outputted by the video
output circuit 33.

[0040] As shown in Fig. 4, the video output circuit 33 translates digital image data into analogue video signals for
output to a video monitor. This is achieved by use of a converter 3301. In this embodiment, the output is RGB, however,
it will be appreciated that any desired video output format may be provided.

[0041] The memory store 40 is an extremely important part of the apparatus 1 as it receives the face vector signal
from the memory interface 32 and provides an output image signal representing the substitute face having the facial
characteristics of the subject. As shown in Fig. 5, the memory store 40 comprises an output image memory 402, a
primeval image memory 407 and an update or pixel change image memory 406. Further, the memory store 40 com-
prises a lookup table 404 and a register 410, both of which are connected to the memory interface 32 to receive the
face vector signal. The lookup table 404 is connected to a counter 405, which is in turn connected to the update image
memory 406. The update image memory 406 is connected to a multiplexer 401 to provide an address signal for the
output image memory 402. The update image memory 406 is also connected to a multiplexer 408 to provide a data
signal to the output image memory 402. An address generator 409 is also connected to the multiplexer 401. The
memory store 40 further comprises a multiplexer 403 for transmission and receipt of image data.

[0042] In operation, various different primeval images of different real and/or animated substitute faces are stored
in the primeval image memory 407. The update image memory 406 stores data relating to pixel changes between two
frames. It is assumed that images are not randomly selected from the memory store 40, but rather, because of the
nature of the operation, that any individual image will be followed by one of a small finite set of images. Starting from
one primeval image, it is therefore possible to construct all of the other images by simply specifying which pixels have
changed from frame to frame. This approach has the major advantage that the memory requirements are much smaller
than simply storing every possible image.

[0043] Inoperation, the address generator initialises the outputimage memory 402 with the primeval image by loading
the primeval image into the output image memory 402. The multiplexers 401 and 408 by use of control signals Cntrl3,
Cntrl4, and Cntrl5 load the primeval image from the primeval image memory 407 into the output image memory 402.
Initially, the address generator 409 is loaded with the start location of the primeval image memory 407, and using a
CLK generates every pixel address until all data is transferred from the primeval image memory into the output image
memory 402. After initialisation, all subsequent image data is provided by the update image memory 406. The data
stored in the update image memory 406 comprises data elements, each having three fields. The first field is a single
bit wide and is used to indicate if the current data is the last in the sequence of pixels to update the image. The second
field is the pixel address which is 16 bits wide if an image of 256 x 256 is being used. The third field is 24 bits wide and
represents the RGB colour value of the pixel.

[0044] The face vector for the time T-! is stored in the register 410. The current face vector and the T-! face vector
form an address for the lookup table 404 which contains a pointer to the position in the update image memory 406
where the particular pixel changes between the two face vectors is stored. The pointer to the start of the pixels to be
updated is initially loaded into the counter 405, which is used as the address to the update image memory 406.
[0045] When the lookup table 404 points to a location in the update image memory 406, the data element at this
location is retrieved and the second field is sent to the address bus of the output image memory 402 via the multiplexer
401 controlled by the control signal Cntrl5. Likewise, the data in the third field is sent to the databus of the output image
memory 402 via the multiplexer 408 controlled by the control signal Cntrl3. The control signal Cntrl1 is used to set the
output image memory 402 to write status. The counter 405 is then incremented and the process is repeated until a bit
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in the first field which is set to '1' is encountered. This bit provides a control signal to the control logic unit 50 of the
apparatus 1 to indicate that all pixels in the output image memory 402 have been updated. At this point, the address
generator 409 is initialised to the first pixel in the output image memory 402 and then incremented so that the image
can be read from the image memory 402 to the memory interface 32. The control signal Cntrl1 is used to indicate a
read cycle and the multiplexers 401 and 403 are set using control signals Cntrl2 and Cntrl5 to allow data to be outputted
to the memory interface 32.

[0046] It will be appreciated that very little memory is required because of the manner in which the memory store 40
operates, and in particular the fact that only pixel changes are used. This feature also provides for fast processing and
allows operation in real time.

[0047] Referring now to Fig. 6, the facial part detection unit 31 is now described in more detail. As described above,
the function of the unit 31 is to provide a feature extraction tracking signal having facial part positional parameter values
which are used by the memory interface 32 to generate the face vector. The facial part detection unit 31 provides five
different feature extraction tracking signals, namely, A, B, C, D and E.

[0048] The A output represents the mouth coordinates and is provided by the following devices :-

a band pass device 3102;

a crop picture device 3110;

a smoothing device 3111;

an XY projection device 3112;

a find max device 3113; and

a bounding box search device 3114.
[0049] The output B specifies the face box and is provided by the following devices:-

a band pass device 3103;

an XY projection device 3107;

a find max device 3108; and

a bounding box search device 3109.

[0050] Crop picture, find max/min and normalise grey scale devices 3104, 3105 and 3106 respectively provide pre-
processing normalisation for the remaining outputs, C,D, and E. The output C represents the left and right eye positions
and is provided by a device 3115 which correlates with an eye template, and a find min device 3116.

[0051] The output D specifies the right pupil and eyebrow positions and is provided by a right eye detection device
3117. Finally, the output E represents the left pupil and eyebrow positions and is generated by a left eye detection
device 3118.

[0052] The converter 3101 takes as input a video signal (RGB, Composite, etc.) and outputs digital values of the
colour represented in the HSV colour domain. The output is passed to the band pass devices 3102 and 3103 and the
pre-processing normalisation devices 3104 to 3106. The band pass device 3102 detects mouth colour and the band
pass device 3103 detects skin colour. The skin colour detection signal passes to the face position detection devices
3107, 3108 and 3109 which produce a box which gives the position of the face in the image. The facial box coordinates
are passed to mouth position detection devices 3110-3114 which search the facial box region to determine the position
of the mouth in the image. It is of course implied that the mouth position is to be found within the facial box.

[0053] The pre-processing-normalisation devices 3104 to 3106 normalise the pixels in the facial box before outputting
this image to eye position devices 3115 and 3116 and the pupil and eyebrow position detection devices 3117 and 3118.
The purpose of this is to increase the accuracy of the correlation results in the eye position detection.

[0054] The eye position detection devices 3115 and 3116 correlate the facial area of the normalised image with pre-
stored eye templates to determine the location of the eyes, and produce two X,Y coordinates which specify the eye
locations within the image. These eye position coordinates are passed to the pupil and eyebrow position detection
devices 3117 and 3118 which use these coordinates to obtain areas around each eye which are then post-processed
to obtain the pupil and eyebrow positions for each eye. An important aspect of operation of the unit 31 is operation of
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the band pass devices to filter the HV data and only pass through data which is shown to be present in a colour template
of the skin and face.

[0055] Referring now to the various diagrams of Fig. 7, the devices 3101 to 3118 are described in more detail.
[0056] As shown in Fig. 7(a), the colour conversion device 3101 comprises an ADC, and a look-up table for each of
the R, G and B components, all connected to an RGB to HSV look-up table. There are several different implementations
of this conversion which will be known to those people skilled in the art.

[0057] The input stage has an arrangement in which the S and V components are directed to the mouth detection
filter 3102 and the H and S components are directed to the face detection filter 3103. Thus, each of these series of
circuits must only process two components and may therefore be quite simple. It has been found that a combination
of H (hue) which is essentially wavelength data together with S (saturation) is particularly effective for detecting skin.
It has also been found that the S and V (value) components are particularly effective for distinguishing the mouth area
within the already identified facial (skin) area.

[0058] The purpose of the band pass device 3102 is to filter the S,V data and only pass through data which has been
shown to be present in a colour template of the mouth. The device 3102 is shown in circuit form in Fig. 7(b) and is
implemented as a look-up table (LUT). This may be an SRAM which is programmed off-line, or alternatively a PROM
which is programmed in production. It has the same construction as the filter 3103 for facial area detection.

[0059] The feature of receiving two of the H, S, and V components for each of the mouth and face series of processing
circuits is important. This avoids the need for the very large memories which are commonly required for the prior R,
G, B systems and, further, avoids the need for backprojection. Instead, band pass filters 3102 and 3103 are used. The
two components (S,V for mouth area, HS for face) form an address for the look-up table, which stores a value for each
address. The table values are generated off-line according to reference mouth and face patterns. At its simplest, the
values may be at the bit-level giving YES or NO indications for the particular S,V or H,S combinations. The XY projection
devices 3112 and 3107 perform the next fundamental processing steps by mapping the retrieved table values over the
pixel area and generating XY projections. Once this has been done, the next steps of finding maximum limits and
searching for the bounding box can be easily implemented.

[0060] To put it simply, the band pass filtering and the XY projection over the pixel area are the fundamental steps
and can be implemented by simple circuits. Further, the down-stream steps are very simple to implement.

[0061] The purpose of the crop picture device 3110 is to limit the image processing tasks to only the area determined
by the face position detection section as it receives the facial area information from the device 3109. There are two
reasons for doing this. Firstly, as only a fraction of the image is processed this increases the number of frames which
can be processed in a given time period. Secondly, it allows local operations such as normalization to be done on the
facial area alone, unaffected by external influences such as bright light sources in other parts of the picture and random
background noise. This increases accuracy in such tasks as eye-tracking.

[0062] The purpose of the smoothing device 3111 shown in Fig. 7(d) is to aid mouth position detection in proceeding
image processing by the devices 3112-3114. It will be noted that the face position detection stage (3107-3109) and
the mouth position detection stage (3110-3114) share several common tasks, namely XY Projection, find max and
search for bounding box. However, the mouth position detection stage includes two extra tasks which are not shown
in the face position detection, namely crop picture and smoothing. The purpose of the crop picture device 3110 is
explained above. The reason that smoothing is not present in the face position detection derives from the face that the
task being undertaken is facial parts identification and position location. This implies that the face will occupy a large
area in the input image. In any image processing task there is a level of background noise due to a variety of factors,
for example, inaccuracies in the conversion of analogue data to digital data, stroboscopic effects from foreign lighting
sources, light deflation from glasses, etc.. These add noise to the processed image. In the detection of the facial area,
since the skin will cover a large percentage of the input image, there is a considerable number of pixels which will be
identified as belonging to the skin. Therefore, the background noise will have little or no effect on the results obtained
from the face position detection. However, the mouth occupies a much smaller area, and therefore the background
noise will have a much greater effect on obtaining correct results from the mouth position detection stage. The prob-
ability that a mouth pixel is mistaken for a skin pixel and vice-versa is high and affects mouth area detection. However,
in the case of face position detection the fact that a mouth pixel is mistaken as a skin pixel actually helps in the location
of the facial area, since the mouth area lies within the face area. However, the opposite applies for the mouth position
detection. To help overcome this problem the image is smoothed before performing further image processing steps. It
is assumed that the background noise is random in nature and will occur randomly over the image, whereas the mouth
pixel recognition is highly concentrated in a single area. By averaging over an area, the effects of the background noise
an be reduced whilst enhancing the areas where recognition is highly concentrated. The principle behind the device
3111 is to average all pixels within an 8 x 8 area, and place the result at the central pixel point. The operation of this
circuit and its underlying principles will be understood to those skilled in the art. The resulting image is a smoothed
representation of the input image.

[0063] Further image processing tasks are performed on the smoothed image by the devices 3112-3114, namely XY
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Projection, find max and search for bounding box. These devices function in the same manner as the devices 3107 to
3109 in the face detection stage which are described in detail below. The output from the device 3114 is a signal
indicating a box which defines an area in the input image where the mouth is located.

[0064] The purpose of the device 3107 shown in Fig. 7(e) is to perform an XY projection on the image which is
outputted from the device 3103 to effectively map the filter output over the pixel area. The device 3107 can be divided
into two sections which operate in the same fashion, the left hand side which evaluates the X projected data, and the
right hand side which evaluates the Y projected data. The circuit comprises a 256 x 16 bit SRAM which is used to store
the X projected data, a multiplexer to arbitrate access to the databus of the SRAM, a multiplexer to arbitrate access
to the address bus of the SRAM, an adder to perform additions on the projected data, and a register to act as an
intermediate data store. The circuit functions in the following manner. It is assumed that the SRAM can have all bits
set to zero, i.e. the SRAM can be cleared, at the beginning of every XY projection, however, this function is not shown
in the diagram. It is also assumed that the maximum image size is 256x256 pixels, however, to those skilled in the art,
it is possible to adapt the circuits to handle large images. Pixel data is inputted into the circuit through I/P pixel data,
with the address of each pixel being inputted through Row Addr and Column Addr. It is assumed that the Select line
is set so that Row Addr signals impinge upon the SRAM, and that the bi-directional buffer is configured to allow data
to be read from the SRAM into the ADDER. The Row Addr reads the present X projection value from the SRAM into
the ADDER circuit. The ADDER adds together the data from the SRAM and that of the I/P PIXEL DATA and puts the
result into the REGISTER. The bi-directional buffer is then configured to write data from the REGISTER into the SRAM
so that the new result is stored. The next pixel value is then inputted into the circuit with the new Row Addr signal being
used to select the appropriate X storage location. The process is repeated until all pixels in the image have been
processed. By changing the select switch to allow the External Row Addr to impinge upon the SRAM it is possible to
read out the final X projection values. The operation of the Y projection is carried out in parallel to the X projection.
[0065] The purpose of the device 3108 shown in Fig. 7(f) is to find the maximum value in the X and Y projection data
so that an X and Y location which lies within the facial area can be found. The device 3108 can be divided into two
sections, which both process in parallel and operate in the same fashion. The basic principle of the circuit is that each
final projection value is compared using a comparator CMP with a maximum value stored in REGISTER A. If the
projection data value is greater than the value in REGISTER A then this new value is stored in REGISTER A, whilst
simultaneously the column address is stored in REGISTER B. Data from the XY projection device 3107 is read out
serially, and impinges upon REGISTER A and CMP, whilst the address is of the Projection value impinge upon REG-
ISTER B. The output of REGISTER A is also outputted to CMP where the contents of REGISTER A and the Projection
X value are compared. If the result indicates that the projected value is greater than the contents of REGISTER A then
a signal is generated in conjunction with the PIXEL CLK which loads the new data value into REGISTER A, whilst
simultaneously loading the address of the pixel into REGISTER B. This process is repeated for X(Y) projected values.
The values remaining in REGISTER A and B indicate the maximum projected value and the location at which it occurred.
[0066] The purpose of the device 3109 shown in Fig. 7(g) is to determine the limits for a bounding box which will
enclose the skin area. This area will be used in subsequent image processing tasks. The circuit can be divided into
two identical sections, the left hand side relating to finding the boundaries, the right hand side to the Y boundaries.
This circuit uses information from the device 3108, namely MAX X POSN, MAX X, MAX'Y POSN and MAX Y. The
operation of the circuit is to derive a threshold value, XTH, for the X data using MAX X, and a threshold value, YTH, for
the Y data using MAX Y. This is achieved by multiplying the MAX X(Y) by a constant which is less than one. The
constant multipliers may be different for the X and Y data. The next stage is to determine the lower boundary. By starting
at the MAX X POSN and repeatedly decrementing its position whilst checking if the X Projection data at this new
location is less than the threshold value, XTH, the point at which the X projected data goes beneath the threshold can
be found. This is the X LOWER BOUND. By starting at the MAX X POSN and repeatedly incrementing its position
whilst checking if the X Projection data at this new location is less than the threshold value, XTH, the point at which the
X projected data goes beneath the threshold can be found. This is the X UPPER BOUND. The calculation of the Y
boundaries follows a similar fashion. The circuit operation is as follows. The MAX X data from the device 3108 is
multiplied by CONST in MULT and the result, which is XTH is passed to CMP, where all data from I/P PROJECTION
X DATA will be compared to XTH. The value MAX X POSN, also from the device 3108, is loaded in counter using the
LOAD signal, originating from device 50. The device 50 also provides control signals RST1 and RST2 which reset the
RSA and RSB flip flops into the RESET state. This will provide the address to look up the final X Projection values in
device 3107. The multiplexer in the device 3107 is set so that the address from the address from the External Row
Addr impinges upon the SRAM. In this way, the X Projection data values can be read from the SRAM and into the
divide 3109. Data from the device 3107 arrives at I/P PROJECTION X DATA where it is compared against the X™
value. If the result of the comparator, CMP, shows that the I/P PROJECTION X DATA is less than XTH, then a signal
is generated which causes the RS flip flops RSA and RSB to be put in the SET position. The address in the COUNTER
is decremented until the comparator, CMP, shows that the threshold has been exceeded, at which point both flip flop
RSA are placed in the SET state. The signal from the flip flops is used to load REGISTER A with the current COUNTER
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value which indicates the X LOWER BOUND. The COUNTER is then loaded with the MAX X POSN once again using
the LOAD signal. This time, instead of decrementing the COUNTER, the COUNTER is incremented until the data once
again exceeds the threshold value, XTH. This time the RSB flip flop is placed in the SET state and the output of RSB
flip flop is used to load REGISTER B with the value of COUNTER, which this time indicates the X UPPER BOUND.
The operation for the Y projected values is the same. At the end of this process, the flip flops RSA and RSB are reset
using the control signals RST1 and RST2 from device 50, and the process is repeated for the next frame.

[0067] At this stage the bounding box for the facial area has been discovered and a preliminary check can be carried
out. If the area of the box is found to be extremely small, of the order of less than 20 pixels, then it can be assumed
that there is no face within the image and the proceeding image processing tasks of finding the mouth and eyes can
be abandoned.

[0068] The pre-processing normalisation section uses the devices 3104-3106. The purpose of the pre-processing
normalisation section is to normalise the image before performing correlation to increase the accuracy of the results.
This section does not perform image processing on colour information, but on a grey scale image. The V video signal
of the HSV video standard is a grey scale representation of the input image.

[0069] The purpose of the crop device 3104 shown in Fig. 7(c) is to limit the image processing tasks to only the area
determined by the face position detection section and not the whole image. The reasons for doing this are explained
above.

[0070] The find max/min device 3105 is shown in circuit form in Fig. 7(h). The purpose of this device is to find the
maximum and minimum pixel values within the image. This information is to be used in the proceeding image processing
stage. The device 3105 is comprised of two registers, REGISTER A and REGISTER B, and two comparators, CMP A
and CMP B, REGISTER A and CMP A are used to find the MAX VALUE, whereas REGISTER B and CMP B are used
to find the MIN VALUE. The pixel data from the input image is inputted serially via the PIXEL DATA input. The data
impinges upon both registers and both comparators. REGISTER A is used as a temporary storage area for the max-
imum value, MAX VALUE, whereas REGISTER B is used as a temporary storage for the minimum value, MIN VALUE.
At the beginning of each frame REGISTER A must be set to 0 and REGISTER B must be set to 255 by the unit 50 via
the control signal CLR. The output of REGISTER A is input to the CMP A where it is compared to the input data. If the
result from the comparator CMP A shows that the input data is greater than the data stored in REGISTER A then the
comparator generators a LOAD signal which loads the input pixel data into REGISTER A. The operation for minimum
value uses the same principle with the comparator generating a load signal when the result from the comparator CMP
B shows that the input data is less than the data stored in REGISTER B. After all pixels in the input image have been
processed through the circuit the maximum value resides in MAX VALUE, and the minimum value resides in MIN
VALUE. Before the next input image can be processed both registers must be initialised to their respective values.
[0071] The normalise grey scale device 3106 is shown in circuit form in Fig. 7(i). The purpose of this stage is to
translate the input image in such as way that it uses the full range of possible values, namely 0 to 255. The device
3105 processed the image and found the maximum values. In an 8 bit grey scale representation the minimum value
possible is 0, and the maximum value possible is 255. However, results from the device 3105 will indicate that from
frame to frame the maximum and minimum values found will not be the maximum and minimum possible. Therefore,
it is advantageous that a method be devised that changes the input image so that it fits the full range of values. The
simplest method, as shown in Fig. 7(i) is that of a look-up table, 31068, which for an 8 bit input and 8 bit output requires
a 256x8 bit memory. This look-up table must be programmed frame by frame, as the maximum and minimum values
will change frame by frame. The algorithm for programming the look-up table is as follows :-

255 < x < Max Coeff(x) = 255

Max < x < Min Coeff(x) = (int) (255 * (x - Min)/(Max - Min)

Min < x < 0 Coeff(x) =0

where the values Max and Min refer to the values of MAX VALUE and MIN VALUE calculated by the device 3105. Max
and Min must be between the values of 0 and 255, and Max > Min. Fig. 7(i) shows that the circuit of the device 3106
is made up of devices 31061-31069. The circuit has two modes of operation. The first where the coefficients of the
look-up table are calculated and the other where these coefficients are to convert the input image into the normalized
output image. The parts 31061 - 31067 are involved with the calculation of the coefficients which are stored in the
SRAM 31068. The data is transformed by allowing the PIXEL DATA to impinge upon the SRAM as the address by
setting the SELECT control signal to the correct state. This control signal is under the control of the control unit 50. At
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the start of each frame all locations in the LUT are set to zero and the MIN VALUE is loaded into a counter, indicated
as the part 31061. The MIN VALUE along with MAX VALUE are obtained from the device 3105. The counter is loaded
using a LOAD control signal from the control logic unit 50. The output of the counter is inputted to a comparator CMP,
which compares the counter value with the MAX VALUE. If the value of the counter is greater than MAX VALUE then
this indicates that all coefficients have been loaded into look-up table and that the normalization process can start. The
comparator CMP outputs a control signal named FINISHED which is sent to the control unit 50. The coefficient calcu-
lation can be divided into three steps. In the first step two calculations occur in parallel, namely,

(a) MIN VALUE - x where x is the present counter value
(b) MAX VALUE - MIN VALUE

then,

(c) CONST x (Result of 1) using part 31066

then,

(d) (Result of 3)/(Result of 2) using part 31067

[0072] The value of CONST is set to 255. The SELECT switch of the multiplexer MUX is set to allow the output of
the counter to impinge upon the address bus of the SRAM. By setting the R/W line to the SRAM to write the results
from the division part 31067 are written into the SRAM at the location specified by the counter 31061. The counter is
then incremented and the process repeated until the comparator CMP, indicates that all coefficients have been calcu-
lated and stored in the SRAM. At this point the look-up table to normalise the input image. The SELECT signal is
switched to allow the PIXEL DATA to impinge upon the address bus of the SRAM and the R/W control signal is switched
to read. The input image is then presented to the SRAM where it is transformed by the look-up table and outputted to
the NORMALIZED PIXEL DATA stage. When all pixels have been transformed the counter is again loaded with MIN
VALUE, all LUT values are set to zero, and the process is repeated.

[0073] The output of the pre-processing-normalisation section is passed to two further sections, namely the eye
position detection stage which finds the eye positions, and the pupil and eyebrow position detection stage which finds
the eye pupil and eyebrow positions.

[0074] The eye position detection stage has two devices, the correlate with eye template device 3115 and the find
max device 3116. The eye position detection is processed twice, once with templates for the left eye, and once with
the templates for the right eye.

[0075] The correlate with eye template device 3115 is shown in circuit form in Fig. 7(j). The purpose of the device
3115 is to correlate the input image against several pre-stored templates of right and left eye images. The result closest
to zero from the right eye correlation indicates the position of the right eye, and the result closest to zero from the left
eye correlation indicates the position of the left eye. The correlator circuit comprises a circuit which implements the
following mathematical function in integer arithmetic, using only 4 bits of accuracy.

_ ie7  j=7
B(x,y)= S, 3, (P(x+i,y+3)-T(1,))"

where P is the input image, T is the template image, x and y are positional indicators within the input image. This
equation is computed for each pixel in the output image.

[0076] The algorithm computes the square of all differences between pixels in the input image and the template
image. In the case that the input image and the template image are identical the result is zero, the accuracy can be
improved by adding more bits, however, this leads to a more complex hardware implementation.

[0077] Equation (1) can be simplified so show the basic image processing steps which are needed to implement this
equation.

i=7  j=7

P(x,y) =57 Zy(P(x+i,y+3)° + T(i,7)% - P(x+i,y+3)T(i,7))

wherein T(i,j)2 is a constant, P(i,j)2 is the sum of all pixels squared in the input image, and P(i,j)T(i,j) is the multiplication
and summation of all pixels in the input image with the corresponding pixel in the template image.
[0078] It can be clearly seen that the algorithm can be divided into several steps, some of which can be executed in
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parallel.

(1) Compute P(i,j)2m,

(2) Compute P(i,j)T(i,j),

(3) Add T(i,j)2 to (2), T(i,j)2 is a constant can so can be calculated off-line
(4) Subtract (2) from (3)

[0079] This reduces the calculation to four basic steps.

[0080] The device 3115 has parts 31151-31156. The parts 31511 and 31153 are 16 x 16 8 bit correlators, part 31151
performing the P(i,j)T(i,j) and part 31153 performing 31153 performing the P(i,j)2. The part 31152 is an 256 x 8 SRAM
which is used as a lookup table to convert the input image pixel values to their squared values before correlation. This
is required so that numerical accuracy is maintained throughout the correlation process.

[0081] The results from the correlation are inputted to the find min device 3116 where the minimum value and the
position of the minimum value are found. A circuit of the device 3116 is shown in Fig. 7(k). It can be seen from the
diagram that the device 3116 is similar to the device 3108 and operation of both circuits is identical.

[0082] Itis envisaged that the eye position detection stage can be expanded so that multiple eye templates can be
correlated and the best correlation value found. The implementation of this type of system will be clear to those skilled
in the art.

[0083] The final output from the eye position detection system are two pixel locations, (LEx,LEy) and (REx,REy),
which define the location of left and right eye in the input image.

[0084] The devices 3117 and 3118 (shown in Fig. 7(l)), for right eye detection and left eye detection, make up the
pupil and eyebrow position detection stage. The purpose of the pupil and eyebrow position detection stage is to use
the eye coordinates, (LEx,LEy) and (REx,REy), obtained from the device 3116, together with the normalized image
from the device 3106, to find the positions of the eye pupil and eyebrow for both the left and right eyes.

[0085] The device 3117 for right eye detection is shown in circuit form in Fig. 7(l). The device 3117 is comprised of
parts 31171-31175. The first part 31171, known as crop picture, is used to obtain a region of interest, using the right
eye coordinates (REx,REy) as the central pixel. This sub-image is then outputted to the part 31172, known as X Pro-
jection which performs an X projection on the sub-image. The circuit to implement the part 31172 is shown in Fig. 7
(n). The functioning of the part 31172 is identical to that of the device 3107.

[0086] The data from the device 31172 is passed to the device 31173 for smoothing where the X projection data is
smoothed from the uppermost row of sub-image to the lowest. A circuit which implements the device 31173 is shown
in Fig. 7(m). The principle behind this circuit is that the serial input stream is averaged over four pixel values and the
output is the averaged pixel stream. In order to average, the pixels are stored in REGISTERS with the outputs being
fed to adders. The result from the adders is then outputted to a SHIFTER, which shifts the result right by two places,
corresponding to a divide by 4. The next pixel is then inputted to the circuit and stored in the first REGISTER. In parallel
the previous stored data is shifted along the REGISTER chain. The new average is then computed and outputted. This
process is repeated until all X projected data has been smoothed.

[0087] The averaged X projected data from the part 31173 is then passed to the device 31174. The purpose of this
device is to search the averaged X projected data from the uppermost row value to the lowermost row value and find
the maximum peak in the data. This peak corresponds to the y coordinate location of the eyebrow. A circuit which
implements the part 31174 is shown in Fig. 7(0). The principle of this circuit is to locate the position where the (N+1)th
data value is less than the Nth data value, since this shows that a peak has been encountered. The (N+1)th and Nth
data values are provided by the REGISTERS, whose outputs are fed to a COMPARATOR which compares the values
and outputs a SET signal to an RS flip flop when the (N+1)th data value is less than the Nth data value. The RS flip
flop is used to issue a load signal to two REGISTERS which store the pixel value and the location at which is occurred.
This data represents to y location of the eyebrow, RBy. The RBx location it is assumed to be the same as REx. Hence
the location of the brow is now located at (RBx,RBy).

[0088] The purpose of the find minimum part 31175 is to find the position of the pupil. This is done by finding the
minimum value in the normalised image. The circuit which is used to implement the part 31175 is shown in Fig. 7(p).
Since the operation of this circuit is identical to that of the devices 3108 and 3113 it is not explained. The output of this
circuit is the coordinate of the right eye pupil, (RPx,RPYy).

[0089] The part 3118 is similar to device 3117, but differs in that it uses the coordinates of the left eye, (LEx,LEy), to
crop the image.

[0090] Referring now to Fig. 8, an alternative construction of apparatus indicated generally by the numeral 80 is
illustrated in Fig. 8. The apparatus 80 differs from the apparatus 1 in that it comprises an additional device 800 the
purpose of which is to analyse the output from the face changer 30 and provide additional information to the memory
store 40 whose purpose is to provide the substitute image. The device 80 can be implemented as a neural network or
Hidden Markov Model and has two phases of operation, namely training and recall. In the training phase, the device
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80 uses data derived from the face changer 30 and external guidance to map the input images from the camera 20 to
outputs of the device 800 which represents the probability of the inputimages belonging to a specified set of expressions
such as smile, frown etc.. One output represents one particular expression. In the second phase of operation, recall,
the real-time parameters are fed into the device 800 from the face changer 30 and the most likely expression which
the input image represents is evaluated. This information, together with the parameters from the face changer 30 are
inputted to the memory store 40 which uses the information to construct the appropriate output image.

[0091] The invention is not limited to the particular embodiments described. For example, it is envisaged that the
outputimage memory may be modified using different control circuitry or possibly in software alone. Further, the feature
extraction tracking signal may be generated by processing RGB signals in any of the relevant prior art methods.

Claims

1. Animage processing method comprising the steps of receiving a subject facial image signal, generating a feature
extraction tracking signal, and processing said tracking signal to provide a processed output signal, characterised
in that,
said processing step comprises the sub-steps of:-

generating an image signal representing a substitute face, said subject facial image signal being in H,S,V
format; and

modifying said substitute face image signal in real time according to the tracking signal to generate an output
signal representing the substitute face with facial features of the subject face by passing at least two compo-
nents of said H,S,V, format signal through a band pass filter (3102, 3013);

mapping the filter output signals over the subject facial image pixel area; and
determining feature locations within the pixel area according to the mapping of the filter output signals.

2. A method as claimed in claim 1, wherein the facial area (SlIx, Sly, Shx, Shy) is initially detected, and there is
subsequently mouth and eye detection within the detected facial area.

3. A method as claimed in claim 2 wherein the output signal is transmitted from an output image memory (402) which
is modified by overwriting pixel values transferred from an update image memory (406) in response to the tracking
signal, and wherein the update image memory (406) stores pixel changes between frames.

4. A method as claimed in claim 3 wherein the update transfers are controlled by reference to a lookup table (404)
having pointers to addresses in the update image memory (406).

5. A method as claimed in any preceding claim wherein the tracking signal is converted to a facial characteristic
signal representing positional characteristics of facial features and wherein the facial characteristic signal is a
vector signal.

6. A method as claimed in claim 5 wherein pixel change data in the update image memory (406) is selected by
comparison of current and previous characteristic signals.

7. A method as claimed in claim 6, wherein the previous characteristic signal is stored in a dedicated register (410).

8. A method as claimed in claims 3 to 7, wherein the update image memory (406) stores data elements in three fields,
namely an indicator of the position of the element, a second field having an address for a location in the output
image memory and a third field having a colour value for the pixel.

9. A method as claimed in any preceding claim wherein the step of generating the substitute face image signal com-
prises the steps of retrieving from an image memory a primeval image and subsequently updating said image

according to the tracking signal.

10. A method as claimed in claim 9 wherein the primeval image is transferred from a primeval image memory (407)
to the output image memory (402) upon initialisation.
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A method as claimed in any preceding claim wherein only the H and S components of the subject facial image
signal are processed for facial area detection.

A method as claimed in claim 11 wherein said processing comprises band pass filtering followed by mapping the
filter output over the pixel area.

A method as claimed in any of claims 2 to 12 wherein mouth detection is achieved by processing the S and V
components of the subject image signal within the detected facial area.

A method as claimed in any of claims 2 to 13 wherein only the V component of the subject image signal is processed
for eye detection.

A method as claimed in claim 14 wherein the V component is normalised and eye detection is achieved by corre-
lation.

A method as claimed in claim Icomprising the steps of:-

transforming the tracking signal to a facial characteristic signal representing positional characteristics of fea-
tures of the subject face;

writing a primeval substitute image to an output image memory (402); and

modifying the output image memory (402) by overwriting pixel values transferred from an update image mem-
ory (406), said transfers being controlled in response to the facial characteristic signal.

An image processing apparatus (1) comprising means (10) for receiving a subject facial image signal, means (31,
32) for generating a feature extraction tracking signal, and means (40, 32, 33) for processing said tracking signal
to provide a processed output signal, characterised in that,

said processing means comprises means for:-

generating an image signal representing a substitute face in H,S,V format; and

means for modifying said substitute face image signal in real time according to the tracking signal to generate
an output signal representing the substitute face with facial features of the subject face by passing at least
two components of said H,S,V, format signal through a band pass filter (3102, 3103);

means for mapping the filter output signals over the subject facial image pixel area; and

means for determining feature locations within the pixel area according to the mapping of the filter output
signals.

An image processing apparatus as claimed in claim 17 wherein said processing means comprises an outputimage
memory (402), an update image memory (406) and means (410, 404, 405) for modifying said outputimage memory
(402) by transferring pixel values from the update image memory (406) in response to the tracking signal.

An image processing apparatus as claimed in claim 18 wherein the update image memory (406) stores pixel
changes between frames.

An image processing apparatus as claimed in any of claims 17 to 19 wherein said processing means comprises
means (32) for converting the tracking signal to a facial characteristic signal representing positional characteristics
of facial features, and wherein said facial characteristic signal is a vector signal.

An image processing apparatus as claimed in any of claims 17 to 20 wherein the processing means further com-
prises a neural network device (800) for training during operation of the apparatus by monitoring feature data and

for subsequently providing feedback to assist in recognition of features.

An image processing apparatus (1) as claimed in claim 17 comprising:-
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means (32) for transforming the tracking signal to a facial characteristic signal representing positional char-
acteristics of features of the subject face;

an output image memory (402);
means (407) for writing a primeval substitute image to the output image memory (402);
an update image memory (406); and

means for modifying the output image memory (402) by transferring pixel values from the update image mem-
ory (406) to the output image memory (402) in response to the facial characteristic signal.

Patentanspriiche

1.

Bildverarbeitungsverfahren, umfassend die folgenden Schritte: Empfangen eines Personengesichtsbildsignals,
Erzeugen eines Merkmalextraktion-Nachfihrungssignals und Verarbeiten des genannten Nachfiihrungssignals
zur Bereitstellung eines verarbeiteten Ausgangssignals, dadurch gekennzeichnet, dass der genannte Verarbei-
tungsschritt die folgenden Unterschritte umfasst:

Erzeugen eines Bildsignals, das ein Substitutionsgesicht reprasentiert, wobei das genannte Personenge-
sichtsbildsignal das Format H, S, V hat, und

Modifizieren des genannten Substitutionsgesichtsbildsignals in Echtzeit gemaR dem Nachfiihrungssignal, um
ein Ausgangssignal zu erzeugen, das das Substitutionsgesicht mit Gesichtsmerkmalen des Gesichtes der
Person reprasentiert, indem wenigstens zwei Komponenten des genannten Signals im Format H, S, V durch
einen Bandpassfilter (3102, 3013) geleitet werden;

Abbilden der Filterausgangssignale tber den Pixelbereich des Gesichtsbildes der Person; und

Bestimmen von Merkmalorten im Pixelbereich gemaf der Abbildung der Filterausgangssignale.

Verfahren nach Anspruch 1, bei dem zunachst der Gesichtsbereich (Slx, Sly, Shx, Shy) erfasst wird und danach
Mund und Augen in dem erfassten Gesichtsbereich erfasst werden.

Verfahren nach Anspruch 2, bei dem das Ausgangssignal von einem Ausgangsbildspeicher (402) gesendet wird,
der durch Uberschreiben der Pixelwerte modifiziert wird, die von einem Update-Bildspeicher (406) als Reaktion
auf das Nachflihrungssignal Gbertragen werden, und wobei der Update-Bildspeicher (406) Pixeldnderungen zwi-
schen Rahmen speichert.

Verfahren nach Anspruch 3, bei dem die Update-Ubertragungen durch Bezugnahme auf eine Nachschlagtabelle
(404) mit Zeigern auf Adressen im Update-Bildspeicher (406) gesteuert werden.

Verfahren nach einem der vorherigen Anspriiche, bei dem das Nachflihrungssignal in ein Gesichtskennsignal
umgewandelt wird, das Positionskenndaten von Gesichtsmerkmalen reprasentiert, und wobei das Gesichtskenn-
signal ein Vektorsignal ist.

Verfahren nach Anspruch 5, bei dem Pixeldnderungsdaten im Update-Bildspeicher (406) durch Vergleichen von
aktuellen und vorherigen Kennsignalen ausgewahlt werden.

Verfahren nach Anspruch 6, bei dem das vorherige Kennsignal in einem dedizierten Register (410) gespeichert
wird.

Verfahren nach Anspruch 3 bis 7, wobei der Update-Bildspeicher (406) Datenelemente in drei Feldern speichert,
namlich einem Indikator fiir die Position des Elementes, einem zweiten Feld mit einer Adresse flr einen Ort im
Ausgangsbildspeicher und einem dritten Feld mit einem Farbwert fir das Pixel.

Verfahren nach einem der vorherigen Anspriiche, bei dem der Schritt des Erzeugens des Substitutionsgesichts-

bildsignals die Schritte des Zuriickspeicherns eines Urbildes von einem Bildspeicher und des nachfolgenden Ak-
tualisierens des genannten Bildes gemafl dem Nachflhrungssignal umfasst.
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Verfahren nach Anspruch 9, bei dem das Urbild von einem Urbildspeicher (407) nach der Initialisierung auf den
Ausgangsbildspeicher (402) Gbertragen wird.

Verfahren nach einem der vorherigen Anspriche, bei dem nur die H- und S-Komponenten des Personengesichts-
bildsignals fiir eine Gesichtsbereichserfassung verarbeitet werden.

Verfahren nach Anspruch 11, bei dem die genannte Verarbeitung eine Bandpassfilterung und anschlielendes
Abbilden des Filterausgangs uber den Pixelbereich umfasst.

Verfahren nach einem der Anspriiche 2 bis 12, bei dem die Munderkennung durch Verarbeiten der S- und V-
Komponenten des Bildsignals der Person innerhalb des erkannten Gesichtsbereiches erzielt wird.

Verfahren nach einem der Anspriiche 2 bis 13, bei dem nur die V-Komponente des Personenbildsignals fir die
Augenerkennung verarbeitet wird.

Verfahren nach Anspruch 14, bei dem die V-Komponente normalisiert und die Augenerkennung durch Korrelation
erzielt wird.

Verfahren nach Anspruch 1, umfassend die folgenden Schritte:

Transformieren des Nachfihrungssignals in ein Gesichtskennsignal, das Positionskenndaten der Merkmale
des Personengesichts reprasentiert;

Schreiben eines Ursubstitutionsbildes auf einen Ausgangsbildspeicher (402); und

Modifizieren des Ausgangsbildspeichers (402) durch Uberschreiben von Pixelwerten, die von einem Update-
Bildspeicher (406) iibertragen wurden, wobei die genannten Ubertragungen als Reaktion auf das Gesichts-
kennsignal gesteuert werden.

Bildverarbeitungsvorrichtung (1), umfassend ein Mittel (10) zum Empfangen eines Personengesichtsbildsignals,
Mittel (31, 32) zum Erzeugen eines Merkmalextraktion-Nachfiihrungssignals, und Mittel (40, 32, 33) zum Verar-
beiten des genannten Nachflihrungssignals zur Erzeugung eines verarbeiteten Ausgangssignals,

dadurch gekennzeichnet, dass das genannte Verarbeitungsmittel folgendes umfasst:

ein Mittel zum Erzeugen eines Bildsignals, das ein Substitutionsgesicht im Format H, S, V reprasentiert; und
ein Mittel zum Modifizieren des genannten Substitutionsgesichtsbildsignals in Echtzeit gemaR dem Nachfih-
rungssignal zum Erzeugen eines Ausgangssignals, das das Substitutionsgesicht mit Gesichtsmerkmalen des
Personengesichts reprasentiert, indem wenigstens zwei Komponenten des genannten Signals im Format H,
S, V durch einen Bandpassfilter (3102, 3103) geleitet werden;

ein Mittel zum Abbilden der Filterausgangssignale tber den Pixelbereich des Personengesichtsbildes; und
ein Mittel zum Bestimmen der Merkmalorte innerhalb des Pixelbereiches gemaR der Abbildung der Filteraus-
gangssignale.

Bildverarbeitungsvorrichtung nach Anspruch 17, bei der das genannte Verarbeitungsmittel einen Ausgangsbild-
speicher (402), einen Update-Bildspeicher (406) und Mittel (410,404,405) zum Modifizieren des genannten Aus-
gangsbildspeichers (402) durch Ubertragen von Pixelwerten von dem Update-Bildspeicher (406) als Reaktion auf
das Nachfihrungssignal umfasst.

Bildverarbeitungsvorrichtung nach Anspruch 18, bei der der Update-Bildspeicher (406) Pixelanderungen zwischen
Rahmen speichert.

Bildverarbeitungsvorrichtung nach einem der Anspriiche 17 bis 19, bei der das genannte Verarbeitungsmittel ein
Mittel (32) zum Umwandeln des Nachfihrungssignals in ein Gesichtskennsignal umfasst, das Positionskenndaten
von Gesichtsmerkmalen reprasentiert, und wobei das genannte Gesichtskennsignal ein Vektorsignal ist.

Bildverarbeitungsvorrichtung nach einem der Anspriiche 17 bis 20, bei der das Verarbeitungsmittel ferner ein
Neuronennetzgerat (800) flr Training wahrend des Betriebs der Vorrichtung umfasst, indem Merkmaldaten tber-

wacht werden und nachfolgend Feedback bereitgestellt wird, um bei der Erkennung von Merkmalen zu assistieren.

Bildverarbeitungsvorrichtung (1) nach Anspruch 17, die folgendes umfasst:
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ein Mittel (32) zum Umformen des Nachfiihrungssignals in ein Gesichtskennsignal, das Positionskenndaten
der Merkmale des Gesichtes der Person reprasentiert;

einen Ausgangsbildspeicher (402);

ein Mittel (407) zum Schreiben eines Ursubstitutionsbildes auf den Ausgangsbildspeicher (402);

einen Update-Bildspeicher (406); und

ein Mittel zum Modifizieren des Ausgangsbildspeichers (402) durch Ubertragen von Pixelwerten von dem
Update-Bildspeicher (406) auf den Ausgangsbildspeicher (402) als Reaktion auf das Gesichtskennsignal.

Revendications

Méthode de traitement d'image comprenant les étapes consistant a recevoir un signal d'image faciale d'un sujet,
générer un signal de recherche d'extraction de traits, et traiter ledit signal de recherche pour fournir un signal de
sortie traité, caractérisée en ce que,

ladite étape de traitement comprend les sous-étapes consistant a :

générer un signal d'image représentant un visage de substitution, ledit signal d'image faciale d'un sujet étant
en format HSV; et

modifier ledit signal d'image de visage de substitution en temps réel conformément au signal de recherche
pour générer un signal de sortie représentant le visage de substitution avec des traits faciaux du visage d'un
sujet en passant au moins deux composants dudit signal de format HSV a travers un filtre passe-bande (3102,
3013);

mapper les signaux de sortie du filtre sur la zone de pixels d'image faciale d'un sujet; et

déterminer des emplacements de traits dans la zone de pixels conformément au mappage des signaux de
sortie du filtre.

Méthode telle que revendiquée dans la revendication 1, dans laquelle la zone faciale (Slx, Sly, Shx, Shy) est
détectée initialement et il y a ensuite détection de la bouche et des yeux dans la zone faciale détectée.

Méthode telle que revendiquée dans la revendication 2 dans laquelle le signal de sortie est transmis d'une mémoire
d'image de sortie (402) qui est modifiée en superposant des valeurs de pixels transférées d'une mémoire d'image
actualisée (406) en réponse au signal de recherche, et dans laquelle la mémoire d'image actualisée (406) stocke
des changements de pixels entre trames.

Méthode telle que revendiquée dans la revendication 3 dans laquelle les transferts sont controlés par référence
aune table de transcodage (404) ayant des pointeurs vers des adresses dans la mémoire d'image actualisée (406).

Méthode telle que revendiquée dans I'une quelconque des revendications précédentes dans laquelle le signal de
recherche est converti en un signal de caractéristiques faciales représentant des caractéristiques positionnelles
de traits faciaux et dans laquelle le signal de caractéristiques faciales est un signal vectoriel.

Méthode telle que revendiquée dans la revendication 5 dans laquelle les données de changements de pixels dans
la mémoire d'image actualisée (406) sont sélectionnées en comparant le signal courant de caractéristiques au
signal précédent de caractéristiques.

Méthode telle que revendiquée dans la revendication 6, dans laquelle le signal précédent de caractéristiques est
stocké dans un registre dédié (410).

Méthode telle que revendiquée dans les revendications 3 a 7, dans laquelle la mémoire d'image actualisée (406)
stocke des éléments de données dans trois champs, nommément un indicateur de la position de I'élément, un
deuxiéme champ ayant une adresse pour un emplacement dans la mémoire d'image de sortie et un troisieme
champ ayant une valeur de couleur pour le pixel.

Méthode telle que revendiquée dans I'une quelconque des revendications précédentes dans laquelle I'étape con-
sistant a générer le signal d'image de visage de substitution comprend les étapes consistant a extraire d'une
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mémoire d'image une image primitive et a actualiser ensuite ladite image conformément au signal de recherche.

Méthode telle que revendiquée dans larevendication 9 dans laquelle I'image primitive est transférée d'une mémoire
d'image primitive (407) a la mémoire d'image de sortie (402) a l'initialisation.

Méthode telle que revendiquée dans I'une quelconque des revendications précédentes dans laquelle seuls les
composants H et S du signal d'image du visage d'un sujet sont traités pour la détection de la zone faciale.

Méthode telle que revendiquée dans la revendication 11 dans laquelle ledit traitement comprend un filtrage a
passe-bande suivi par un mappage de la sortie du filtre sur la zone de pixels.

Méthode telle que revendiquée dans l'une quelconque des revendications 2 a 12 dans laquelle la détection de la
bouche est réalisée en traitant les composants S et V du signal d'image d'un sujet dans la zone faciale détectée.

Méthode telle que revendiquée dans I'une quelconque des revendications 2 a 13 dans laquelle seul le composant
V du signal d'image d'un sujet est traité pour la détection des yeux.

Méthode telle que revendiquée dans la revendication 14 dans laquelle le composant V est normalisé et la détection
des yeux est réalisée par corrélation.

Méthode telle que revendiquée dans la revendication 1 comprenant les étapes consistant a:

transformer le signal de recherche en un signal de caractéristiques faciales représentant des caractéristiques
positionnelles des traits du visage d'un sujet;

écrire une image de substitution primitive a une mémoire d'image de sortie (402); et

modifier la mémoire d'image de sortie (402) en superposant des valeurs de pixels transférées d'une mémoire
d'image actualisée (406), lesdits transferts étant contr0lés en réponse au signal de caractéristiques faciales.

Appareil de traitement d'image (1) comprenant un moyen (10) pour recevoir un signal d'image faciale d'un sujet,
des moyens (31, 32) pour générer un signal de recherche d'extraction de traits, et des moyens (40, 32, 33) pour
traiter ledit signal de recherche pour fournir un signal de sortie traité, caractérisé en ce que :

ledit moyen de traitement comprend des moyens pour :

générer un signal d'image représentant un visage de substitution en format HSV; et

des moyens pour modifier ledit signal d'image de visage de substitution en temps réel conformément au signal
de recherche pour générer un signal de sortie représentant le visage de substitution avec des traits faciaux
du visage d'un sujet en passant au moins deux composants dudit signal de format HSV a travers un filtre
passe-bande (3102, 3013);

des moyens pour mapper les signaux de sortie du filtre sur la zone de pixels d'image faciale d'un sujet; et

des moyens pour déterminer des emplacements de traits dans la zone de pixels conformément au mappage
des signaux de sortie du filtre.

Appareil de traitement d'image tel que revendiqué dans la revendication 17 dans lequel ledit moyen de traitement
comprend une mémoire d'image de sortie (402), une mémoire d'image actualisée (406) et des moyens (410, 404,
405) pour modifier ladite mémoire d'image actualisée (402) en transférant des valeurs de pixels de la mémoire
d'image actualisée (406) en réponse au signal de recherche.

Appareil de traitement d'image tel que revendiqué dans la revendication 18 dans lequel la mémoire d'image ac-
tualisée (406) stocke des changements de pixels entre trames.

Appareil de traitement d'image tel que revendiqué dans I'une quelconque des revendications 17 a 19 dans lequel

ledit moyen de traitement comprend un moyen (32) pour convertir le signal de recherche en un signal de carac-
téristiques faciales représentant des caractéristiques positionnelles de traits faciaux, et dans lequel ledit signal de
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caractéristiques faciales est un signal vectoriel.

21. Appareil de traitement d'image tel que revendiqué dans I'une quelconque des revendications 17 a 20 dans lequel
le moyen de traitement comprend en outre un dispositif de réseau neuronal (800) pour I'apprentissage pendant
le fonctionnement de I'appareil en contrblant les données de traits et en fournissant ensuite un retour d'informations
pour aider la reconnaissance des traits.

22. Appareil de traitement d'image (1) tel que revendiqué dans la revendication 17 comprenant :

un moyen (32) pour transformer le signal de recherche en un signal de caractéristiques faciales représentant
des caractéristiques positionnelles des traits du visage d'un sujet;

une mémoire d'image de sortie (402);

un moyen (407) pour écrire une image de substitution primitive a la mémoire d'image de sortie (402)'

une mémoire d'image actualisée (406); et

des moyens pour modifier la mémoire d'image de sortie (402) en transférant des valeurs de pixels de la mé-

moire d'image actualisée (406) a la mémoire d'image de sortie (402) en réponse au signal de caractéristiques
faciales.

20



User Controt

EP 0 735 510 B1

Face Changer On/Off /
60a > 0
0 %
D Face 5 ?
e Video gl 28
‘Camera Multipiexor % g
f A § ol
~0 |3 =
Memory - C&g{:‘ H—0— E
. Store S
Fig. 1 . <
/,20
Y
60b
V{deo
Video Monitor Muttipiexor
33
- 3301
8 1 . ./.‘ R
8, |Converior|
To Memory | B8
Store
30 Fig. 4
g ? * 32 g
/-J
Memory
interface Video
Video I o)
npt % B Somal
Signal [ racial Parts Video
— Posn + Output t—
Detection Circuitry

Fig. 2

21




EP 0 735 510 B1

MY o Lip Separation.y
Mhy _ |[SUBTRACTORf—————8
—
Mix o Lip Sepération.x
Mhx _ |SUBTRACTORf——8
LEx | Average Eye.x
REXx AVERAGE [——®
LE
REY Average Eye.y
y AVERAGE [——®
;‘:x > Average Pupil .x
AVERAGE ——
;PY > Average Pupil x
Py AVERAGE |——-

32
Average Offset
Eye.x Eye.x
—l
Average _ |SUBTRACTOR|——— &
Pupil.x
Eyey Eye.y
Avera SUBTRACTOR p———p
Pupil.y
Average Offset
Eye_.l_’_ Left Brow
LB! SUBTRACTOR|—— >
Average Oftset
Eye.y Right Brow
RBy SUBTRACTOR ——————
—

Fig. 3(a)

22



Sx
Face Centre x
Shx VERAGE}~—> BOX WIDTH
Face l
Face Mouth
Sl Contrey 2™ s gTRACT | Flel.x
Shy VERAGEL——p Fy e
Modh g DIVIDE
Centre x
M Mouth Face Mouth
. Centre.x Centre.y|SiBTRACT | Rely
Mhx | AVERAGE}—— P e
— —
Mouth DIVIDE
Centre.y l
Mouth
My Centre.y BOX HEIGHT
Mhy AVERAGE————
BOX WADTH
Average Face l Eye
LEx Eye x Centre.x SUBTRACT | Centre.x
REx WAVERAGE———» s —
Eye.x
LE Average Face Eye
y Eyey  Centrex,] SUBTRACT | Centre.y
REy WVERAGE}——» s —»
- Averagd”] ODIVIDE
Eye.y '
LPx A 9
——— Pupil.x BOX HEIGHT
RPXx  AVERAGE——»
—_—
Average
l—._liy_.J Pupd.x Mouth \
APy P VERAGE———— Centre g | SUBTRACT |Fotate 2
& —
A » DIVIDE
verage
Eye.x
CONST1 10
—— Rotate.y
MULTIPLY —
Rel.y
CONST2
— Rotate x
MULTIPLY }—
—
i Mouth
Fig. 3(b) Mot y

EP 0 735 510 B1

23

Average
Eye. Left Eye.y
R L SUBTRACT |Right Eye.y
- s l—————
Pupd.y DIVIDE
Oftset
Eyey T
10712
Average
Eye.x Lefl Eye x
Avefage. SUBTRACT |Right Eye.x
Pl & |/
__o| DIVIDE
Otisat
Eyex “T
10/4
Left
Brow.y
A —> Left Brow
Eyelm.y SUBTRACT ———»|
JUR >»
Offset g
Left Br > <
O
Right 3
Br .
Avga.!-ge’ Right Brow | 0
EYET’ SUBTRACT p—
oS
Rig
M Mouth
m—’ SUBTRACT | Openess.x
LI & >
Lip DIVIDE
Seperation x
n
>
o
< BOX WIDTH
91 My Mouth
S \y "] SUBTRACT | Openessy
— & ———
Lip DIVIDE
Seperation, ! T
BOX HEIGHT

32

Online Parameters




EP 0735

510 B1

Cntri5
o4 Cntri3

Fig. 5

24

404 405 08 o7
2 A4 f
") o , Cntri4
saElme o} Cf:'axel — Primeval
m WT |l S — 'mar;e —| Image
D = Memory
— m Memory
STOP
—9
409 . 402
Muttiptexor Z
401
é ?utput Cntrit
Addr1 mage |-—
o ) Addr | Memory |RMW
2 | Addr2 [
f Data
Face CLK Multiplexor 403
Vector i /X—
Cntri2 408

Data 2

Data 1




EP 0 735 510 B1

UoiIRR( UONISOd MOIQA] B jidnd .
(kgvxg) 9 m_n_
(Ad1xd7)
- uoloejeg 3 Yo
3 !
gL’ w
(AgY'xgu)
(AdY'xdH) o
‘o “awoy |
K3y o
,.Aw% UONYRIBQ UOISOd 8A3 uONBZ|BULON- BuISse20:d-0.d
.u.‘llkvllm.: , puy g SPIOUOLOAT | 805 £0ip la— U g~ aid doi) A
5 UIN PuUi4 WM 9BI81I00 ozyouLON IWN/XOW Puld rd
oLe” sLie” 901e” soLe” voire” &
UONOe}eQ UONEOG 908 UOROSRQ NOIOD UNS 4
;n_m.émv '
NSNS
x0g Oulpunog s |t
‘mLT o oes” [ xeveus @ uopeloig AX fe@— ssed pueg -
- x H n 8
7 UOISIOAUOD)
- 6018” g0l Z0i¢ eorg” T i
.qﬁ _ uoIeIeq uosod YINoW ¥ uoweieq Inoog winop A llm
) xog —
<@—1| Ouipunog Xy puld uorRefoId AX QINIg doID ss84 puvg LOLE
A/ 10) YIReg A
G €L’ ziie LLiE oLie zore”

25



EP 0 735 510 B1

26

101
3/ Bf'e-b- ADC }—o{ LUT p— -;3-—”
LUT
S/ olADC o LUT }—={ RGB | 5.5
8 TO 8
HSV
gyehb ADC — LUT — -7'8—»\’
Fig. 7(a)
| 31023103
:8 COLOUR
LuT s TEMPLATE
-—-fé-— RESULT
3110,3104 Fig. 7(b)
—
Column |UPPER X BOUNDARY E)wsnxeouumm UPPER Y BOUNDARY| |LOWER Y BOUNDARY
Addr
- i A ’8 v_l i . &
Yy B8 Y Y Y ¥ Y Y
CMP CMP CMP CMP
Row
L y yi ]
Addr 71 11
OR OR
I/P Pixel —A —~
Deta 1 1
7 Zeros
QLY
Muttiplexor
8

Fig. 7(c)




EP 0 735 510 B1

27



EP 0 735 510 B1

31073112
a—""

H
Row Addr sl s 8
>
256x16 256x16
SRAM SRAM
AV AV
16 L’fs— %16 ? A—,;s——
e % ADDER _ | ADDER
Y REGISTER | Y [ recisten]
X Projection Y Projection
Data Data
Fig. 7(e)
Column
p  Addr 3108,3113 wp  FowAddr
PROJECTION /8 PROJECTION 8
X DATA Y DATA
Frame Frame
Sync REGISTER® A REGISTER®
T I
¢
REGISTERA }e—0 ) [ REGISTERAlw—
16 A6
Sie fo Lo fo
cMmpP CMP
GT GT
PIXEL PIXEL]
Vi L ax

Py vy

[ maxx ] [maxxrosn] Fig. 7(f) [ waxv MAX Y POSN

28



EP 0 735 510 B1

3109,3114 .
ADOR TO P w® ADOR TO 1P »
PROJECTION PROJECTION PROUECTION PROUECTION

X 0@“ X DATA Y Df“ Y DATA
pax xPosN) | [ waxx ] pax yPOSN | [ maxy ]
y y 4 4
8 4 16 8 y 16
a0} 8f 4" CONST ox0" A 8 A CONST
—={COuNTER | | [ MLT ~—s»{cOUNTER] | [ wmuLT
I, 16 k 16
1 1
CMP L cwp |
% 7
7 Y \r J
EGISTER EGISTER Bl REGISTER EGISTER B
L’_—_ﬂ;:g B——F"—IT(;\D LOAD LOAD
8f 8 8f 8)f
A
i Y ] r
X LOWER X UPPER : Y LOWER Y UPPER
BOUND souo | F19. 7(9) | 'souno BOUND
3105 W
- <
7 S
g o[z
Load | ¥ =
@
o
w
a
PIXEL
DATA
~7—0-
8
<
[+ 4
[
-
0 w
Load 2 2
« s
- »
Fig. 7(h) 3

29



EP 0 735 510 B1

v.ivQa 13Xid
J3ZNYWHON

OVE

-
S90LEN

yo0LEN, | €90LEN

{u31ovuiens] | @m0 | [uarowuiaens] | 1snoo)

4 o901’
viva ﬁ
8 __~  Noiv13uH00 o
oV
vwnop 9iie py— | by .
orKdwe {amwaxw] | 3nwvaNm] 90LE
¥GLie”
oppy oy Odwe |
omhﬁm&% 4 L i
prs sshie estie” 2shie”
~a—{ Jopenang eledwe |
~ i Yim ele@uod viv0
9Siie lSLie m 13Xid N
. Aowepy —
Sh m_u_ \.m:m\ soRidus | GLiE

30



EP 0 735 510 B1

3117,3118
(LEXLEy) or (REXREY) ~
31171 31172 31173 31174
[ [ [ /L
1P PIXEL (RBX,
DATA - , RBy)
——q—» Crop Picture |—={ X Projection | —s»! Smoothing .._mepg:kaa L
31175
V4
Find
B i ——
Minimum (RPx.
Fig. 7(1) APy
31173
- ‘
P X
D D p o)
gf:%JECTED x x a
1 4 2
2 Blisy |Ble
98IT ADDER

108IT ADDER)]

Fig. 7(m)

Y [ recistern |
O/P SMOOTHED X Projection
DATA Deta

31



EP 0 735 510 B1

31174
> ) -
P X m m
PROJECTED 16 ("} [} PIXEL ADOR
AVERAGED ° bt
DATA Dlisl |3 (s
COMPARATOR
RESET SET
——Rs
L REGISTER L REGISTER
16 16
Fig. 7(0)
EYEBROW ADDRESS
31175 Column
/ Addr
7, 8
CORRELATION
DATA
Frame
Syne REGISTER
T
REGISTER )
16 i__
y
A16 [ 8/
CMP
GT
l / PIXEL]
. 7. ax
Fig. 7(p) Y 1 Y

32



80

User Control

EP 0 735 510 B1

Face Changer On/Off

a > 70

0 30 sy &

D Face S g

Changer Video 2 ]

Camera % Multiplexor g - &

40

Y ;OO £ /5 _§ §
i Control

Me . |—0— Q

HMMNN | Memory Logee E i

Video Monitor

|
—&
60b

Video
Multiplexor

33

Fig. 8



	bibliography
	description
	claims
	drawings

